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Abstract  — We demonstrate a tunable optical filter/sensor 
based on a microfluidic interferometer integrated onto a compact 
planar chip. The interaction of the beam with a water/air 
interface provides a tunable Mach-Zehnder response with 28dB 
extinction ratio. 
I. INTRODUCTION
The next generation of photonic devices for optical 
communications and sensing should display two key features: 
compactness for large scale integration and tunability for an 
increased degree of functionality. However, the traditional 
electro-optic and thermo-optic tuning mechanisms lack the 
range of refractive index modulation required to achieve 
sufficient photonic tunability on the micrometer scale. 
Microfluidics, developed originally for ink jet printing and 
later biotechnology, appears for several reasons as a 
promising solution for tuning optical devices at the 
micrometer scale [1-4]. First, the refractive index contrast 
achievable between a fluid and the surrounding air is large, 
which enables appropriate phase delays for interferometric 
devices in a compact space. Second, fluid is a mobile phase 
which allows for flexible and significant refractive index 
changes through simple motion of a fluid body: the key 
towards tunability. To produce ultimately compact and 
practical devices based on this hybrid technology, both 
microfluidics and microphotonic functionalities should be 
integrated onto one single planar chip. Recently, we reported 
a tunable filter based on a compact microfluidic 
interferometer [5]. Although good performance was achieved 
this particular demonstration was not fully integrated unlike 
other designs [6-7]. 
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Fig. 1. A schematic of the whole integrated device, consisting in 
two self aligned buried SMF separated by a microfluidic channel.
In this paper we demonstrate a compact microfluidic 
optical interferometer completely integrated onto a single 
planar substrate. The device fabrication overcomes any 
critical alignment between the input and output light paths 
since it uses a buried single mode fiber (SMF) sectioned by a 
microfluidic channel (Fig. 1). The interferometer uses a 
fluid/air interface, the meniscus, which provides a sharp 
refractive index discontinuity (Fig. 2) which is placed in the 
middle of the optical beam. The resulting interaction 
produces a Mach-Zehnder-like response, where the visibility 
of the periodic spectral response can be finely adjusted by 
varying the position of the meniscus. The results are 
consistent with beam propagation method (BPM) simulation. 
As the meniscus shape has proved to be a crucial parameter 
of the device [1], an important innovation of this work is that 
a sputtered thin Teflon layer is coated onto the microfluidic 
channel to achieve a flattened meniscus. This results in 
enhanced performance of the device which displays an 
extinction ratio of 28dB. Finally, tunability of the spectral 
response is demonstrated through the actuation of the 
meniscus over less than 2 µm around the beam center. 
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Fig 2. A top schematic representation of the single beam fluid 
Mach-Zehnder interferometer, with the path through the channel 
highlighted in red, superimposed on a schematic representation of a 
traditional Mach Zehnder interferometer, where I1 and I2 are the two 
split and delayed beams. 
II. DESIGN AND FABRICATION OF THE INTERFEROMETER
Fig. 1 shows a schematic of the interferometer. A SMF is 
first buried in cured UV15 photopolymer. A dicing saw is 
then used to open a 40 µm wide straight channel 
perpendicular to the SMF. At the same time the saw bisects 
the SMF, leaving two remaining self-aligned SMF separated 
by a microfluidic channel. After a careful top polishing, the 
device is Teflon plasma coated so as to deposit a conformal 
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300 nm thick layer, which aims to change the otherwise 
hydrophilic surface of the channel. The latter is sealed and 
roughly aligned with a top PDMS layer, in which holes are 
drilled for fluid insertion. Deionized water (1.33 refractive 
index) is introduced with a syringe pump into the channel and 
can be easily moved in front of the fibers (Fig. 3a, 3b, 3c). 
The optical signal from a broadband white light is analyzed 
by an optical spectrum analyzer. 
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Fig. 3. Top view photographs from the final device, showing 
different locations of the air/water meniscus, while it moves in the 
upper direction across the channel (from top to bottom). 
III. RESULTS AND DISCUSSION 
In a classical interferometer, the incident light is divided 
into two parts, one of which undergoes some phase delay 
relative to the other one. Here, an optical path difference is 
induced between two sections of the same beam during its 
propagation across the meniscus (see Fig. 2). As those two 
sections propagate in different media presenting a refractive 
index difference, ∆n, along the microfluidic channel of width 
h, they present a relative phase delay when recombining at the 
entrance of the filtering output SMF, creating a Mach-
Zehnder like response. This is easily described by a simple 
analytical equation [1]: 
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where I is the observed intensity at the free space 
wavelength λ, and I1 and I2 are the signal intensities that 
propagates in water and air, respectively. The transmission 
dip wavelengths and the associated free spectral range of the 
interferometer are related to the path difference induced 
between the two beams, depending on h and ∆n. Fig. 4 shows 
the experimental response of the device along with the 
transmission calculated from (1) (h =40 µm and ∆n=0.33) 
when the meniscus exactly sections the center of the beam. 
The exhibited strong extinction ratio (~28dB) as well as good 
agreement with the analytical model confirms the flatness of 
the meniscus. 
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Fig. 4. Spectral response of the microfluidic Mach-Zehnder (solid 
line) along with the analytical model (dotted line)
When varying the meniscus location relative to the center 
of the beam, the strength of the dips is tuned as can be seen 
on Fig. 5a. Since the location of the meniscus defines the 
fraction of the beam which propagates through either air or 
water, it affects the contrast of the interferometer response by 
modifying the relative I1 and I2 signal intensity values in (1). 
BPM simulations, which take into account beam divergence, 
give consistent results as displayed on Fig. 5b, obtained by 
modeling a flat meniscus. 
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Fig. 5. Tuning of the spectral  response obtained (a) 
experimentally and (b) with BPM simulations when moving the 
meniscus in front of the fibers. 
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As compared to previous demonstrations, the device 
integration makes the incident light directly interact with the 
meniscus, enabling a strong extinction ratio as well as low 
expected insertion loss. The 5dB displayed insertion loss can 
be actually attributed to the wide (40 µm) microfluidic 
channel, which is responsible for a high fraction of the 
diverging beam to stand outside the output SMF acceptance 
angle. BPM simulation shows that a factor of 2 can be gained 
by decreasing the channel width down to 20 µm. Note that the 
insertion loss value of 5 dB further confirms the flatness of 
the meniscus: indeed, a curved meniscus would provide much 
larger insertion losses for the same microfluidic channel 
dimension. 
The sensitivity of the interferometer response upon the 
meniscus location has been quantitatively measured, as 
displayed on Fig. 6. The contrast of the device response is 
plotted versus the location of the meniscus relative to the 
center of the SMF for both experiment and BPM simulation. 
The experimental results show good agreement with the BPM 
simulation and exhibit a strong variation for less than 2 µm
movement of the meniscus around the center of the SMF. 
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Fig. 6. Variation of the contrast (difference between the dip 
transmission and the insertion loss) of the microfluidic 
interferometer response when the meniscus is moved in front of the 
SMF, for both experimental results (red points) and BPM simulation 
(dotted line). 
As the device response has proved to be very sensitive to 
both the meniscus location and shape, it could be used like a 
highly sensitive, compact, ambient pressure sensor, the teflon 
coated channel providing an ideal environment for easily 
tuning the meniscus location upon external pressure gradient. 
Combined with microfluidic valves and electro-wetting 
techniques to tune the meniscus location [8], this new class of 
device has potentialities in bio sensing, medical diagnosis as 
well as telecommunications. Furthermore, since the response 
also depends on the fluid index, this device could be used for 
highly compact refractometry, while the wavelength of 
resonance could be tuned using an electro-optic liquid, such 
as liquid crystals. 
IV. CONCLUSION
We have demonstrated a compact, integrated microfluidic 
interferometer that utilizes the interaction of a single beam 
with a sharp air/water interface on a planar chip. The obtained 
Mach-Zehnder response displays a strong extinction ratio of 
28dB, enabled by both the device integration and careful 
control of the meniscus shape through the teflon coating 
process. Good agreement of the experimental results has been 
obtained with both BPM and an analytical model, which 
proves the interface is sufficiently flat. The 5dB insertion loss 
is mainly limited by the large width of the microfluidic 
channel and can be reduced by optimizing dimensions. 
Finally, tunability has been displayed by adjusting the 
location of the meniscus of less than 2 µm in front of the 
beam. 
This work was funded under ARC research grant 
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